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Abstract. Heavy quarkonia is a powerful tool to investigate gluon dyits in hadronic colli-
sions. Despite the good knowledge of open heavy flavor pitaatuin pQCD calculations, non-
perturbative effects in the hadronization process prevartomplete description of closed heavy
flavor production mechanism from first-principles. Curremdels rely on empirical constraints
which are still not proven to be universal. One of the mostdntgmt observables is the decay an-
gular distribution of leptons from quarkonia decays. Thasasurements are directly related to the
density matrix elements of the production amplitude. PHENA&S started to otain these angular
distributions usingp+p collisions at,/s =200 GeVt and./s =500 GeVEt. These studies and the
first results are reported.
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INTRODUCTION

The density matrix elements of the production amplitpgg of a spinm= i% lepton
decay relative to heavy quarkonia (spi= +1) momentum direction [1, 2, 3].
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Parity conservation does applies when ttemdérdinate lies on the production plane,
henceo_1_1 = p11, P—11 = P11 andp_10 = —p10. The longitudinal component of the
spin isWL. = poo, the transverse componenMg& = p11+ p_1-1, the single spin-flip is
defined as\ = (p10+ Po1) /+/2 and the double spin-flip s = p1_1.

The angular distribution of the positive lepton is derivezhfi these elements as
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whered is the angle between the lepton andirection andp is the azimuthal angle.



TheZdirection is in the quarkonium rest frame and arbitrarilfired in the hadron-
hadron collision plane. The Helicity frame (HX) uses the direction of the quarko-
nium momentum, Collins-Soper frame (CS) uses the bise&twden the direction of
the first colliding hadron and the opposite of the seconddioty hadron as the direc-
tion whereas the Gottfried-Jackson frame (GJ) uses oneeddlitiection of one of the
colliding hadrons. One frame can be converted to anotherdray a simple rotation
around the vector perpendicular to the collision plane. digular distribution parame-
tersAg, Agp andAy in the frame (B) after a plane rotati@nfrom the original frame (A)
is [4]
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This transformations allow the derivation of a frame ingatispin alignment param-
eter
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(4)
which can be used to test if a measurement made in differamigfs is correct.

PHENIX is one of the few collider experiments which can detsa) decays with
no minimumpr requirement in a broad rapidity range. This allows the mesasant
of charmonium yields in a region where pQCD calculationsehaw prediction power
due to infrared divergences. Firdly measurements o/ decays at mid-rapidity
(In| <0.35) in the Helicity and Gottfried-Jackson frames areaalyeavailable [5]. We
are also working towards a measurement of the full azimugingle distribution in
v/$=200 GeV and,/s =500 GeV. In the following sections we present the result at mi
rapidity, discuss some technical aspects of the full angukasurement and propose
another measurements making use of the polarized protonsdaRHIC.

PHENIX ACCEPTANCE FOR THE ANGULAR DISTRIBUTION
OF J/y DILEPTON DECAYSAND EXPERIMENTAL RESULTS

PHENIX is composed by four spectrometer arms. Two centrakarovergn| < 0.35
andAg = 1/2 each. They can detect dielectron decayd /af over the entire cd®)
range in the HX frame,cog9)| < 0.5 for pr < 1 GeVk and full coverage fopr > 2
GeVlcin the GJ frame anglcog3)| < 0.5 for pr <5 GeVkin the CS frame (Figures
with angular distributions in [5]). The measurement densaadletailed understanding
of the trigger conditions and detector acceptance which dépends on the lepton
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FIGURE 1. (Color online) (left)/y polarization parameteky versus transverse momentum in the
Helicity frame compared with color octet (COM)[8], s-chahiolor singlet (CSM) [6] and NLO CSM
[7]. (right) 3/ polarization parametetg versusxg in the Gottfried-Jackson and Collins-Soper from
PHENIX (GJ), HERA-B (GJ) [9], E771 (GJ)[10] and E866/NuSES][11]. Plots extracted from [5].

angular distribution. In sompr ranges, the/( acceptance can change by up to 20%
if Ag = £1. The firsts measurement of td¢y decay angular distribution parameter
at RHIC was done foAs assumingAy = Asy = O (Figure 1). This assumption was
also used in almost all measurements performed in otheriexgets and all current
theoretical predictions.

The parametery (commonly called polarization) is consistent with zero iX H
and GJ frames given the current uncertainties. Resultsvierl@nergy fixed-target
experiments using the Gottfried-Jackson frame also regpsimall negative polarization
in agreement with PHENIX data (Figure 1-right). A trend fordaminance of the
longitudinal component of the spifdy < 0) in both frames has been observed when
theJ/y pr gets higher (Figure 1-left for HX frame). Theoretical piatins assuming
J/y is totally produced as color singlet states [6, 7] or assgji is mainly produced
as color octet states [8] are compared to the Helicity fragsailt. These theoretical
estimations face large uncertainties because of the unkye¥eed-down contribution.
Current measurement at mid-rapidity has no discrimingtimmer for these models.

Currently, PHENIX collaboration is studying all systeneatinvolved in the accep-
tance of the muon decay angular distribution in the two fodrvarms. Each of these
arms cover 2 < |y| < 2.2 andAg = 2m. The analysis are going on using the data col-
lected iny/s =200 GeV and,/s =500 GeV p+p runs. Figure 2 shows two examples
using Helicity frame for the angular distributions obtairfeom detector Monte Carlo
simulation assuming symmetric muons decays and what iswdasén real data. The
parameterdy, Ay andAy, should be obtained from a two-dimensional fit (Sogersus
@) in order to avoid correlations among the parameters. feBoim these studies will
allow the constraining of the density matrix (1) of inclusdy/ ¢ production at,/s=200
GeV and,/s=500 GeV.

Future measurements also include the search of spin trénsifie the polarized pro-
ton beams. The angular distribution parameters are meahsucellisions with different
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FIGURE 2. Example of an angular distribution in Helicity frame for msofromJ/ decays in the
forward arms (1.2 |y| <2.2). Open symbols represents Monte Carlo detector simuolabnsidering
As = Ay =0 and closed symbols are from real data.

proton polarizations. Gluon helicity distribution in loihgdinal double spin polarization
asymmetry and hints of the parton orbital momentum in trars spin polarization
asymmetry can perhaps be explored. No theoretical studeeavailable at this time.
One of the questions is whether effects of thdadronization cancel out in such asym-
metry observations. On the experimental point of view, utaieties concerning detector
acceptance cancel out in such measurements turning thettrastiae observable.
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